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ONCOLYTIC ADENOVIRAL VECTORS 



FIELD OF THE INVENTION 

le present invention generally relates to substances and methods useful for the 
of neoplastic disease. More specifically, , it relates to cancer selective promoters and 
their use in oncolytic adenoviral vectors. The oncolytic adenoviral vectors are useful in methods 
of gene therapy. The promoters and the oncolytic adenoviral vectors are also useful in methods 
of screening^for compounds that modulate the expression of cancer selective genes. 

BACKGROUND OF THE INVENTION 

The publications and other materials used herein to illuminate the background of the 
invention, and iA particular, cases to provide additional details respecting the practice, are 
incorporated hereint by reference. 

Adenoviruses that replicate selectively in tumor cells are being developed as anticancer 
agents ("oncolytic adenoviruses"). Such oncolytic adenoviruses amplify the input virus dose due 
to viral replication in tfte tumor, leading to spread of the virus throughout the tumor mass. In situ 
replication of adenoviruses leads to cell lysis. This in situ replication may allow relatively low, 
non-toxic doses to be bigkfy effective in the selective elimination of tumor cells. 

One approach to a&ueving selectivity is to introduce loss-of-function mutations in viral 
genes that are essential forWwfh in non-target cells but not in tumor cells. This strategy is 
exemplified by the use of aW/1520, which has a deletion in the Elb-55KD gene. In normal 
cells, the adenoviral Elb-55K1& protein is needed to bind to p53 to prevent apoptosis. In p53- 
deficient tumor cells, Elb-55K\bitiding to p53 is unnecessary. Thus, deletion of Elb-55KD 
should theoretically restrict vectortaplication to p53-deficient tumor cells. 

Another approach is to use foimor-selective to control the expression of early viral genes 
required for replication. (See, e.gl, WO 96/17053, WO 99/25860, WO 02/067861, WO 
02/068627, and U.S. Patent Nos. 5498,443, 5,871,726, 5,998,205, and 6,432,700, all of which 
are incorporated herein by reference! Thus, in this approach the adenoviruses will selectively 
replicate and lyse tumor cells if the geW that is essential for replication is under the control of a 
promoter or other transcriptional reguMory element that is tumor-selective. 



1 



The TMPRSS2 gene encodes a predicted protein of 492 amino acids, with five distinct 
domains (Paoloni-Giacobino et al, Genomics, 1997, 44:309-320). On the basis of homology to 
other proteins, these regions comprise a serine protease domain of the SI family; a scavenger 
receptor cysteine-rich domain, possibly involved in binding to cell surface molecules; a class A 
low-density lipoprotein domain; a transmembrane domain; and a cytoplasmic domain' (Paoloni- 
Giacobino et al, Genomics, 1997, 44:309-320.) Analysis of the predicted TMPRSS2 protein 
indicates that TMPRSS2 is a type E integral membrane protein that is most similar to the 
mammalian hepsins, a class of proteins that are important for cell growth and maintenance of 
normal cell morphology (Kurachi et al., Methods Enzymology, 1994, 244:100-114). Hepsinhas 
been shown to be overexposed in ovarian carcinomas and is suggested to be a candidate 
mediator of the invasive process and growth capacity of ovarian tumor cells (Tanimoto et al, 
Cancer Res, 1997, 57:2884-2887). 

The features of the protease domain of TMPRSS2 are compatible with the Si family of 
serine proteases with chymotrypsin as the prototype member (Rawlings et al, Methods 
Enzymology, 1994, 244:19-61). The Asp 435 residue in the substrate-binding site indicates that 
TMPRSS2 will have trypsin-like proteolytic activity, with cleavage after Lys or Arg residues. 
Thus, TMPRSS2 could be a natural activator of the precursor fonns of PSA and hK2 The 
zymogen form of TMPRSS2 is also predicted to be protected by trypsin-like enzymes that 
cleave the Arg-fle bond of the NH 2 terminus of the protease domain. Thus, TMPRSS2 could be 
autocatalytic or could be activated by other trypsin-like proteases in the prostate, such as hK2 or 
prostase/PRSS17. The characterization of TMPRSS2 as a serine protease expressed in prostate 
epithelium adds another member to a gcoup of proteases that may participate in a cascade 
mechanism of enzymatic reactions in seminal fluid that is analogous to the fibrinolytic and blood 
coagulation system (Davie et al, Biochemistry, 1991 30:10363-10370; Takayama et al, J Biol 
Chem, 1997,272:21582-21588). 



SUMMARY OF THE INVENTION 



The present invention exploits the discovery, that the TMPRSS2 promoter has tumor 
selective properties, which is valuable not only for the development of therapeutic molecules but 
also for research in cancer biology, carcinogenesis and functional genomics. Thus, the present 
invention provides novel and improved oncolytic adenoviral vectors and their uses in methods of 
gene therapy. The present invention includes oncolytic adenoviral vectors comprising a cancer 
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selective regulatory region operatively linked to an adenoviral gene essential for adenoviral 
replication. Adenoviral genes essential for replication include, but are not limited to, El a, Elb, 
E2a, E2b and E4. In one embodiment, the oncolytic adenoviral vector has a cancer selective 
regulatory region operatively linked to the El a gene. With respect to the present invention, the 
cancer selective regulatory region is a TMPRSS2 promoter. In another embodiment, the 
oncolytic adenoviral vector has a TMPRSS2 promoter operatively linked to the El a gene and a 
second cancer selective regulatory region operatively linked to the E4 gene. In another 
embodiment, the oncolytic adenoviral vector has a TMPRSS2 promoter operatively linked to the 
E4 gene and a second cancer selective regulatory region operatively linked to the El a gene. In 
yet another embodiment, the oncolytic adenoviral vector carries at least one therapeutic 
transgene, e.g. a polynucleotide encoding a cytokine such as GM-CSF that can stimulate a 
systemic immune response against tumor cells. 

Accordingly, in one aspect, the present invention provides an isolated TMPRSS2 
promoter comprising a nucleotide sequence selected from the group consisting of: (a) the 
sequence shown in SEQ ID NO:l; (b) a fragment of the sequence shown in SEQ ID NO:l, 
wherein the fragment has tumor selective promoter activity; (c) a nucleotide sequence having at 
least 90% identity over its entire length to the sequence shown in SEQ ID NO:l, wherein the 
nucleotide sequence has tumor selective promoter activity; and (d) a nucleotide sequence having 
a full-length complement that hybridizes under stringent conditions to the sequence shown in 
SEQ ID NO:l, wherein the nucleotide sequence has tumor selective promoter activity. In 
another embodiment, the TMPRSS2 promoter consists essentially of SEQ ID NO:l. Preferably, 
a a TMPRSS2 promoter according to the invention is prostate tumor selective. 

The present invention also provides a chimeric gene comprising a TMPRSS2 promoter 
according to the invention operatively linked to the coding sequence of a gene of interest 

The present invention further provides a vector comprising a chimeric gene according to 
the invention. Preferably, the vector is a viral vector. More preferably, the vector is an 
adenoviral vector. 

The present invention still further provides an isolated cell such as a packaging cell 
tranduced with a vector according to the invention. 

In another aspect, the present invention provides a recombinant viral vector comprising 
an adenoviral nucleic acid backbone comprising: a left ITR, an adenoviral packaging signal, a 
TMPRSS2 promoter operatively linked to the coding sequence of a gene essential for replication 
of the recombinant viral vector, and a right ITR. In one embodiment, the adenoviral nucleic acid 
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backbone comprises in sequential order: a left ITR, a TMPRSS2 promoter of the invention 
operatively linked to the coding sequence of a gene essential for replication of the recombinant 
viral vector, an adenoviral packaging signal, and a right ITR. In another embodiment, the 
adenoviral nucleic acid backbone comprises in sequential order, a left ITR, an adenoviral 
packaging signal, a TMPRSS2 promoter of the invention operatively linked to the coding 
sequence of a gene essential for replication of the recombinant viral vector, and a right ITR. 

In one embodiment of a recombinant viral vector of the invention, the TMPRSS2 
promoter is a human TMPRSS2 promoter. In another embodiment of a recombinant viral vector 
of the invention, the TMPRSS2 promoter comprises a nucleotide sequence selected from the 
group consisting of: (a) the sequence shown in SEQ ID NO.l; (b) a fragment of the sequence 
shown in SEQ ID NO:l, wherein the fragment has tumor selective promoter activity; (c) a 
nucleotide sequence having at least 90% identity over its entire length to the sequence shown in 
SEQ ID NO:l, wherein the nucleotide sequence has tumor selective promoter activity; and (d) a 
nucleotide sequence having a full-length complement that hybridizes under stringent conditions 
to the sequence shown in SEQ ID NO:l, wherein the nucleotide sequence has tumor selective 
promoter activity. In another embodiment of a recombinant viral vector of the invention, the 
TMPRSS2 promoter consists essentially of SEQ ID NO: 1 . 

In a preferred embodiment of a recombinant viral vector of the invention, the coding 
sequence of a gene essential for replication is selected from the group consisting of Ela, Elb, 
E2a, E2b and E4 coding sequences. In one embodiment, the TMPRSS2 promoter is operatively 
linked to one of either the Ela coding sequence or the E4 coding sequence. Li another 
embodiment, the vector further comprises a tissue-selective promoter, e.g. an hTERT promoter, 
an E2F-1 promoter, or an osteocalcin promoter, operatively linked to the other of the Ela coding 
sequence or the E4 coding sequence. For example, the tissue-selective promoter operatively may 
be an hTERT promoter comprising SEQ ID NO:2 or SEQ ID NO:3. Preferably, the TMPRSS2 
promoter is operatively linked to the Ela coding sequence and the tissue-selective promoter is 
operatively linked to the E4 coding sequence. 

In another embodiment of a recombinant viral vector of the invention, the adenoviral 
nucleic acid backbone is derived from adenovirus serotype 5 (Ad5) or serotype 35 (Ad35). 

In another embodiment of a recombinant viral vector of the invention, the nucleic acid 
backbone further comprises a termination signal sequence upstream of the TMPRSS2 promoter 
operatively linked to the coding sequence of a gene essential for replication of the recombinant 
viral vector. In one embodiment, the termination signal sequence is the SV40 early 



4 



polyadenylation signal sequence. In another embodiment, the vector further comprises a deletion 
upstream of the termination signal sequence. Fori example, the vector may comprise a deletion 
between nucleotides corresponding to nucleotides 103 and 551 of the adenoviral type 5 
backbone. \ 

In another embodiment of a recombinant vira^ vector of the invention, the Elb gene of 
the adenoviral nucleic acid backbone has been mutated\ or deleted. In this embodiment, mutation 
or deletion of the Elb gene preferably results in the lossW the active 19kD protein expressed by 
the wild-type Elb gene. \ 

In another embodiment of a recombinant viral vector of the invention, the E3 region of 
the adenoviral nucleic acid backbone has been mutated or deleted. 

In another embodiment of a recombinant viral vector of the invention, the recombinant 
viral vector further comprises a heterologous coding sequence. In one embodiment, the 
heterologous coding sequence is inserted in the E3 region W the adenoviral nucleic acid 
backbone. For example, the heterologous coding sequence may bte inserted in place of the 19kD 
or 14.7 kD E3 gene. In one embodiment, the heterologous loding sequence encodes an 
immunostimulatory protein. In another embodiment, the imminostimulatory protein is a 
cytokine such as GM-CSF. In yet another embodiment, the heterologous coding sequence 
encodes an anti-angiogenic protein. In still another embodiment! the heterologous coding 
sequence is a suicide gene. \ 

In a preferred embodiment, a recombinant viral vector of invention selectively 
replicates in tumor cells. In a more preferred embodiment, a recombinant viral vector of the 
invention selectively replicates in prostate tumor cells. In an exemplarV embodiment, tumor- 
selectivity is at least about 3-fold as measured by El a RNA levels in infecited tumor vs. infected 
non-tumor cells. \ 

In yet another aspect, the present invention provides a recombinant Adenovirus particle 
comprising a recombinant viral vector according to the invention. In one embodiment, a capsid 
protein of the adenovirus particle comprises a targeting ligand. In another Embodiment, the 
capsid protein is a fiber protein. In yet another embodiment, the targeting ligand k in the HI loop 
of the fiber protein. \ 

In still another aspect, the present invention provides a method of selectively killing a 
neoplastic cell, comprising contacting an effective number of recombinant adenovirus particles 
according to the invention with the cell under conditions where the recombinant Adenovirus 
particles can transduce the cell. In one embodiment, the neoplastic cell is a prostate turgor cell. 
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In another aspect, the present invention provides a pharmaceutical composition 
comprising the recombinant adenovirus particle according to the invention and a 
pharmaceutical^ acceptable carrier. 

In another aspect, the present invention provides a method of treating a host organism 
having a neoplastic condition, comprising administering a therapeutically effective amount of 
the pharmaceutical composition according to the invention to the host organism. Preferably, the 
host organism is a human patient. In one embodiment, the neoplastic condition is prostate 
cancer. According to one embodiment, administering a therapeutically effective amount of the 
pharmaceutical composition to the host organism comprises an intratumoral injection of a 
therapeutically effective dosage of the composition. According to another embodiment, 
administering a therapeutically effective amount of the pharmaceutical composition to the host 
organism comprises systemic administration of a therapeutically effective dosage of the 
composition. 

The present invention also provides methods for screening compounds that are useful for 
modulating the expression of TMPRSS2 in cancer tissue. In one embodiment, the method of 
screening compounds includes comparing the level of TMPRSS2 expression in the absence of 
the compound to the level of expression in the presence of the drug candidate, wherein the 
concentration of the compound can vary when present, and wherein the comparison can occur 
after addition or removal of the compound. The method may utilize eukaryotic or prokaryotic 
host cells that are stably transformed with recombinant polynucleotides comprising a regulatory 
region of the TMPRSS2 gene operatively linked to a nucleic acid sequence encoding a product 
that can be detected. A candidate compound is added to the host cells and the expression of the 
detectable product is compared to a control. 

The present invention further provides a method that utilizes host cells, transduced with 
adenoviral vectors comprising a TMPRSS2 promoter of the invention operatively linked to an 
essential adenoviral gene, e.g. El a, for screening compounds useful for modulating the 
expression of TMPRSS2 in cancer tissue. According to this method, a candidate compound is 
added to the host cells and expression of the essential adenoviral gene or viral replication is 
detected and compared to a control. 
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DESCRIPTION OF THE SEQUENCES IN THE SEQUENCE LISTING 

The Sequence Listing associated with the instant disclosure is hereby incorporated by 
reference into the instant disclosure. The following is a description of the sequences contained in 
the Sequence Listing: 

SEQ ID NO:l is a 1992 bp fragment of the human TMPRSS2 promoter. 
SEQ ID NO:2 is a 397 bp fragment of the human r£7?r promoter. 
SEQ ID NO:3 is a 245 bp fragment of the human TERT promoter. 
SEQ ID NO:4 through SEQ ID NO:7 are PCR primers. 

DETAILED DESCRIPTION OF THE INVENTION 

Li describing the present invention, the following terms are employed and are intended to 
be defined as indicated below. 

The terms "virus," "viral particle," 'Vector particle," "viral vector particle," and "virion" 
are used interchangeably and are to be understood broadly as meaning infectious viral particles 
that are formed when, eg., a viral vector of the invention is transduced into an appropriate cell 
or cell line for the generation of infectious particles. Viral particles according to the invention 
may be utilized for the purpose of transferring DNA into cells either in vitro or in vivo. For 
purposes of the present invention, these terms preferably refer to adenoviruses, including 
recombinant adenoviruses formed when an adenoviral vector of the invention is encapsulated in 
an adenovirus capsid. 

As used herein, the terms "adenovirus" and "adenoviral particle" are used to include any 
and all viruses that may be categorized as an adenovirus, including any adenovirus that infects a 
human or an animal, including all groups, subgroups, and serotypes. Thus, as used herein, 
"adenovirus" and "adenovirus particle" refer to the virus itself or derivatives thereof and cover 
all serotypes and subtypes and both naturally occurring and recombinant forms, except where 
indicated otherwise. Preferably, such adenoviruses are ones that infect human cells. Such 
adenoviruses may be wildtype or may be modified in various ways known in the art or as 
disclosed herein. Such modifications include modifications to the adenovirus genome that is 
packaged in the particle in order to make an infectious virus. Such modifications include 
deletions known in the art, such as deletions in one or more of the El a, Elb, E2a, E2b, E3, or E4 
coding regions. Such modifications also include deletions of all of the coding regions of the 
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adenoviral genome. Such adenoviruses are known as "gutless" adenoviruses. The terms also 
include replication-conditional adenoviruses; that is, viruses that preferentially replicate in 
certain types of cells or tissues but to a lesser degree or not at all in other types. In a preferred 
embodiment of the invention, the adenoviral particles selectively replicate in abnormally 
proliferating tissue, such as solid tumors and other neoplasms. These include the viruses 
disclosed in U.S. Patent Nos. 5,677,178, 5,698,443, 5,871,726, 5,801,029, 5,998,205, and 
6,432,700, the disclosures of which are incorporated herein by reference in their entirety. Such 
viruses are sometimes referred to as "cytolytic" or "cytopathic" viruses (or vectors), and, if they 
have such an effect on neoplastic cells, are referred to as "oncolytic" viruses (or vectors). 

The terms "vector," '^polynucleotide vector," "polynucleotide vector construct," **nucleic 
acid vector construct," and "vector construct" are used interchangeably herein to mean any 
nucleic acid construct for gene transfer, as understood by one skilled in the art. 

As used herein, the term "viral vector" is used according to its art-recognized meaning. It 
refers to a nucleic acid vector construct that includes at least one element of viral origin and may 
be packaged into a viral vector particle. The viral vector particles may be utilized for the purpose 
of transferring DNA, RNA or other nucleic acids into cells either in vitro or in vivo. Viral 
vectors include;, but are not limited to, retroviral vectors, vaccinia vectors, lentiviral vectors, 
herpes virus vectors (e.g., HSV), baculoviral vectors, cytomegalovirus (CMV) vectors, 
papillomavirus vectors, simian virus (SV40) vectors, Sindbis vectors, semliki forest virus 
vectors, phage vectors, adenoviral vectors, and adeno-associated viral (AAV) vectors. Suitable 
viral vectors are described in U.S. Patent Nos, 6,057,155, 5,543,328 and 5,756,086. For 
purposes of the present invention, the viral vector is preferably an adenoviral vector. 

The terms "adenovirus vector" and "adenoviral vector** are used interchangeably and are 
well understood in the art to mean a polynucleotide comprising all or a portion of an adenovirus 
genome. An adenoviral vector of this invention may be in any of several forms, including, but 
not limited to, naked DNA, DNA encapsulated in an adenovirus capsid, DNA packaged in 
another viral or viral-like form (such as herpes simplex, and AAV), DNA encapsulated in 
liposomes, DNA complexed with polylysine, complexed with synthetic polycationic molecules, 
conjugated with transferrin, complexed with compounds such as PEG to immunologically 
"mask" the molecule and/or increase half-life, or conjugated to a non- viral protein. 

In the context of adenoviral vectors, the term "5'" is used interchangeably with 
"upstream" and means in the direction of the left inverted terminal repeat (ITR). In the context 
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of adenoviral vectors, the term "3'" is used interchangeably with "downstream" and means in 
the direction of the right ITR. 

As used herein, the terms "cancer," "cancer cells," "neoplastic cells," "neoplasia," 
"tumor," and "tumor cells" (used interchangeably) refer to cells that exhibit relatively 
autonomous growth, so that they exhibit an aberrant growth phenotype characterized by a 
significant loss of control of cell proliferation. Neoplastic cells can be malignant or benign. 

The terms "chimeric gene" and "chimeric construct" refer to a recombinant DNA 
sequence in which a promoter or regulatory DNA sequence is operatively linked to a DNA 
sequence that codes for an mRNA or that is expressed as a protein, such that the promoter or 
regulatory DNA sequence is able to regulate transcription or expression of the associated DNA 
sequence. The regulator DNA sequence of the chimeric gene or chimeric construct is not 
normally operatively linked to the associated DNA sequence as found in nature. 

The terms "coding sequence" and "coding region" refer to a nucleic acid sequence that is 
transcribed into RNA such as mRNA, rRNA, tRNA, snRNA, sense RNA or antisense RNA. 
Preferably the RNA is then translated in a celtto produce a protein. 

The terms "complement" and "complementary" refer to two nucleotide sequences that 
comprise antiparallel nucleotide sequences capable of pairing with one another upon formation 
of hydrogen bonds between the complementary base residues in the antiparallel nucleotide 
sequences. 

The term "consists essentially of as used herein with reference to a particular nucleotide 
sequence means that the particular sequence may have up to 20 additional residues on either the 
5' or 3* end or both, wherein the additional residues do not materially affect the basic and novel 
characteristics of the recited sequence. 

The term "enhancer" within the meaning of the invention may be any genetic element, 
e.g., a nucleotide sequence, that increases transcription of a coding sequence operatively linked 
to a promoter to an extent greater than the transcription activation effected by the promoter itself 
when operatively linked to the coding sequence, i.e. it increases transcription from the promoter. 

The term "expression" refers to the transcription and/or translation of an endogenous 
gene or a transgene in a cell. In the case of an antisense construct, expression may refer to the 
transcription of the antisense DNA only. 

The term "gene" refers to a defined region that is located within a genome and that, in 
addition to the aforementioned coding sequence, comprises other, primarily regulatory, nucleic 
acid sequences responsible for the control of expression, Le. 9 transcription and translation of the 
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coding portion. A gene may also comprise other 5' and 3* untranslated sequences and 
termination sequences. Depending on the source of the gene, further elements that may be 
present are, for example, introns. 

The term "gene essential for replication" refers to a nucleic acid sequence whose 
transcription is required for a viral vector to replicate in a target cell. For example, in an 
adenoviral vector of the invention, a gene essential for replication may be selected from the 
group consisting of the El a, Elb, E2a, E2b, and E4 genes. Most preferably, the gene essential 
for replication is selected from the group consisting of the El a, Elb, and E4 genes. Particularly 
preferred is the adenoviral El a gene as the gene essential for replication. 

The terms "heterologous" and "exogenous" as used herein with reference to nucleic acid 
molecules such as promoters and gene coding sequences, refer to sequences that originate from a 
source foreign to a particular virus or host cell or, if from the same source, are modified from 
their original form. Thus, a heterologous gene in a virus or cell includes a gene that is 
endogenous to the particular virus or cell but has been modified through, for example, codon 
optimization. The terms also includes non-naturally occurring multiple copies of a naturally 
occurring nucleic acid sequence. Thus, the terms refer to a nucleic acid segment that is foreign 
or heterologous to the virus or cell, or homologous to the virus or cell but in a position within 
the host viral or cellular genome in which it is not ordinarily found. 

The term homologous" as used herein with reference to a nucleic acid molecule refers 
to a nucleic acid sequence naturally associated with a host virus or cell. 

The terms "identical" or percent "identity 5 ' in the context of two or more nucleic acid or 
protein sequences, refer to two or more sequences or subsequences that are the same or have a 
specified percentage of amino acid residues or nucleotides that are the same, when compared 
and aligned for maximum correspondence, as measured using one of the sequence comparison 
algorithms described herein, e.g. the Smith-Waterman algorithm, or by visual inspection. 

In the context of the present invention, the term "isolated" refers to a nucleic acid 
molecule, polypeptide, virus, or cell that, by the hand of man, exists apart from its native 
environment and is therefore not a product of nature. An isolated nucleic acid molecule or 
polypeptide may exist in a purified form or may exist in a non-native environment such as, for 
example, a recombinant host cell. An isolated virus or cell may exist in a purified form, such as 
in a cell culture, or may exist in a non-native environment such as, for example, a recombinant 
or xenogeneic organism. 

The term "native" refers to a gene that is present in the genome of wildtype virus or cell. 
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The term "naturally occurring" or "wildtype" is used to describe an object that can be 
found m nature as distinct from being artificially produced by man. For example, a protein or 
nucleotide sequence present in an organism (including a virus), which can be isolated from a 
source in nature and which has not been intentionally modified by man in the laboratory is 
naturally occurring. 

The term "nucleic acid" refers to deoxyribonucleotides or ribonucleotides and polymers 
thereof ("polynucleotides") in either single- or double-stranded form. Unless specifically 
limited, the term encompasses nucleic acids containing known analogues of natural nucleotides 
that nave similar binding properties as the reference nucleic acid and are metabolized in a 
manner similar to naturally occurring nucleotides. Unless otherwise indicated, a particular 
nucleic acid molecule/polynucleotide also implicitly encompasses conservatively modified 
vanants thereof (e. g . degenerate codon substitutions) and complementary sequences and as well 
as the sequence explicitly indicated. Specifically, degenerate codon substitutions may be 
achieved by generating sequences in which the third position of one or more selected (or all) 
codons is substituted with mixed-base and/ordeoxyinosine residues (Batzer et al, Nucleic Acid 
Res. 19: 5081 (1991); Ohtsuka et al, J. Biol. Chem. 260: 2605-2608 (1985); Rossolini et al 
Mol. Cell. Probes 8: 91-98 (1994)). In the context of the present invention, the nucleic acid 
molecule/polynucleotide is preferably a segment of DNA Nucleotides are indicated by their 
bases by the following standard abbreviations: adenine (A), cytosine (Q, thymine (T) and 
guanine (G). 

A nucleic acid sequence is "operatively linked" when it is placed into a functional 
relationship with another nucleic acid sequence. For example, a promoter or regulatory DNA 
sequence is said to be "operatively linked" to a DNA sequence that codes for an RNA or a 
protein if the two sequences are operatively linked, or situated such that the promoter or 
regulatory DNA sequence affects the expression level of the coding or structural DNA sequence 
Operatively linked DNA sequences are typically, but not necessarily, contiguous. 

The term "ORF" means Open Reading Frame. 1 

As used herein, a "packaging cell" is a cell that is able to package adenoviral genomes or 
modified genomes to produce viral particles. It can provide a missing gene product or its 
equivalent. Thus, packaging cells can provide complementing functions for the genes deleted in 
an adenoviral genome and are able to package the adenoviral genomes into the adenovirus 
part.de. The production of such particles require that the genome be replicated and that those 
proteins necessary for assembling an infectious virus are produced. The particles also can 
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require certain proteins necessary for the maturation of the viral particle. Such proteins can be 
provided by the vector or by the packaging cell. 

The term "promoter" refers to an untranslated DNA sequence usually located upstream 
of the coding region that contains the binding site for RNA polymerase H and initiates 
transcription of the DNA. The promoter region may also include other elements that act as 
regulators of gene expression. The term ''minimal promoter" refers to a promoter element, 
particularly a TATA element, that is inactive or has greatly reduced promoter activity in the 
absence of upstream activation elements. 

The term "recombinant" as used herein with reference to nucleic acid molecules refers to 
a combination of nucleic acid molecules that are joined together using recombinant DNA 
technology into a progeny nucleic acid molecule. As used herein with reference to viruses, cells, 
and organisms, the terms "recombinant," "transformed," and "transgenic" refer to a host virus, 
cell, or organism into which a heterologous nucleic acid molecule has been introduced. The 
nucleic acid molecule can be stably integrated into the genome of the host or the nucleic acid 
molecule can also be present as an extrachromosomal molecule. Such an extrachromosomal 
molecule can be auto-replicating. Recombinant viruses, cells, and organisms are understood to 
encompass not only the end product of a transformation process, but also recombinant progeny 
thereof. A "non-transformed," "non-transgenic," or "non-recombinant" host refers to a wildtype 
virus, cell, or organism that does not contain the heterologous nucleic acid molecule. 

"Regulatory elements" are sequences involved in controlling the expression of a 
nucleotide sequence. Regulatory elements include promoters, enhancers, and termination 
signals. They also typically encompass sequences required for proper translation of the 
nucleotide sequence. 

A "selectable marker gene" is a gene whose expression in a cell gives the cell a selective 
advantage. The selective advantage possessed by the cells transformed with the selectable 
marker gene may be due to their ability to grow in the presence of a negative selective agent, 
such as an antibiotic, compared to the growth of non-transformed cells. The selective advantage 
possessed by the transformed cells, compared to non-transformed cells, may also be due to then- 
enhanced or novel capacity to utUize an added compound as a nutrient, growth factor or energy 
source. 

A "termination signal sequence" within the meaning of the invention maybe any genetic 
element that causes RNA polymerase to terminate transcription, such as for example a 
polyadenylation signal sequence. A polyadenylation signal sequence is a recognition region 
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necessary for endonuclease cleavage of an RNA transcript that is followed by the 
polyadenylation consensus sequence AATAAA. A polyadenylation signal sequence provides a 
"polyA site", i.e. a site on a RNA transcript to which adenine residues will be added by post- 
transcriptional polyadenylation. Polyadenylation signal sequences are useful insulating 
sequences for transcription units within eukaryotic cells and eukaryonc viruses. Generally, the 
polyadenylation signal sequence includes a core poly(A) signal that consists of two recognition 
elements flanking a cleavage-polyadenylation site (e.g., Figure 1 of WO 02/067861 and WO 
02/068627). Typically, an almost invariant AAUAAA hexamer lies 20 to 50 nucleotides 
upstream of a more variable element rich in U or GU residues. Cleavage between these two 
elements is usually on the 3' side of an A residue and, in vitro, is mediated by a large, 
multicomponent protein complex. The choice of a suitable polyadenylation signal sequence will 
consider the strength of the polyadenylation signal sequence, as completion of polyadenylation 
process correlates with poly(A) site strength (Chao et al t Molecular and Cellular Biology, 1999, 
19:5588-5600). For example, the strong SV40 late poly(A) site is committed to cleavage more 
rapidly than the weaker SV40 early poly(A> site. The person skilled in the art will consider to 
choose a stronger polyadenylation signal sequence if a more substantive reduction of 
nonspecific transcription is required in a particular vector construct. In principle, any 
polyadenylation signal sequence may be useful for the purposes of the present invention. 
However, in preferred embodiments of this invention the termination signal sequence is either 
the SV40 late polyadenylation signal sequence or the SV40 early polyadenylation signal 
sequence. Preferably, the termination signal sequence is isolated from its genetic source and 
inserted into the viral vector at a suitable position upstream of a TMPRSS2 promoter. 

The term "TMPRSS2 promoter" refers to the native TMPRSS2 promoter and functional 
fragments, mutations and derivatives thereof. The TMPRSS2 promoter does not have to be the 
full-length wild type promoter. One skilled in the art knows how to derive fragments from a 
TMPRSS2 promoter and test them for the desired selectivity. A TMPRSS2 promoter fragment of 
the present invention has promoter activity selective for prostate tumor cells, i.e. drives prostate 
tumor selective expression of an operatively linked coding sequence. The term "prostate tumor 
selective promoter activity" as used herein means that the promoter activity of a TMPRSS2 
promoter fragment of the present invention in prostate tumor cells is higher than in non-tumor 
cell types. Preferably, the TMPRSS2 promoter of the invention is a mammalian TMPRSS2 
promoter and more preferably is a human TMPRSS2 promoter (hTMPRSS2). 
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In one embodiment of the invention, the TMPRSS2 promoter consists essentially of the 
following sequence, which is a 1992 bp fragment of the MMPRSS2 promoter 

GGCATCAAATAGATGAA(^GGAGAAAAGCTGTTTTAATGTATGTACTCACAGATGGG^AT 
CCCACAAGMTATGACSCTTAAAGAACAGCKrCAGGT^^ 

^CACCTGTAATCCCAGC*OTTG<^GGCC»AG^ 



ctcttcctggtacagatctgctgactaacaaacatttcctttatac^tgcaaSttcctt 

TKS^GGGCATTTTCTCftGAOTACTCTGGI^ 



TCCTACTTGGGGTGATGAATTCTGGTCTACGGTCCTATTAAATTCTGGTGAATTCTGM^ 



TAGGCGGACTGGGGAGGGTCTTGGGCGTCCGGCGCTGTGTCCCCGCCACl^GTGCTTrrp 
CCAC^GTCCCCAAGGCCTACTCCT(^TCCTTGCCCAGAGGcS 

^ C ^ GACGGGGCCGGCCGCCTACAGGAGCT 

In other embodiments, a 2MRRSS? promoter according to the present invention has at 
least 60%, at least 70% at least S0%, at least 90%, at least 95%, at least 99%, or 100% identity 
to the sequence shown in SEQ ID NO:l, when compared and aligned for maximum 
correspondence, as measured using one of the following sequence comparison algorithms or by 
visual inspection. Preferably, the given % sequence identity exists over a region of the 
sequences that is at least about 50 nucleotides in length, more preferably over a region of at least 
about 100 nucleotides„and even more preferably over a region of at least about 200 nucleotides 
Most preferably, the given % sequence identity exists over the entire length of the sequences. 
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For sequence comparison, typically one sequence acts as a reference sequence to which 
test sequences are compared. When using a sequence comparison algorithm, test and reference 
sequences are input into a computer, subsequence coordinates are designated if necessary, and 
sequence algorithm program parameters are designated. The sequence comparison algorithm 
then calculates the percent sequence identity for the test sequence(s) relative to the reference 
sequence, based on the designated program parameters. 

Optimal alignment of sequences for comparison can be conducted, e.g., by the local 
homolojgy algorithm of Smith & Waterman, Adv. Appl Math. 2: 482 (1981), by the homology 
alignment algorithm of Needleman & Wunsch, J. MoL Biol. 48: 443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Nat'L Acad. Sci. USA 85: 2444 (1988), by 
computerized implementations of these algorithms (GAP, BESTTTT, FASTA, and TFASTA in 
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., 
Madison, Wis.), by the BLAST algorithm, Altschul et al, J. MoL Biol. 215: 403-410 (1990), 
with software that is publicly available through the National Center for? Biotechnology 
Information (http://www.ncbi.nlm;nih.gov/), or by visual inspection (see generally, Ausubel et 
al, infra). For purposes of the present invention, optimal alignment of sequences for 
comparison is most preferably conducted by the local homology algorithm of Smith & 
Waterman, Adv. Appl. Math. 2: 482 (1981). 

In another embodiment, a TMPRSS2 promoter according to the present invention has a 
full-length complement that hybridizes to the sequence shown in SEQ ID NO:l under stringent 
conditions. The phrase "hybridizing to" refers to the binding, duplexing, or hybridizing of a 
molecule only to a particular nucleotide sequence under stringent conditions when that sequence 
is present in a complex mixture (e.g., total cellular) DNA or RNA. "Bind(s) substantially" refers 
to complementary hybridization between a probe nucleic acid and a target nucleic acid and 
embraces minor mismatches that can be accommodated by reducing the stringency of the 
hybridization media to achieve the desired detection of the target nucleic acid sequence. 

"Stringent hybridization conditions" and "stringent wash conditions" in the context of 
nucleic acid hybridization experiments such as Southern and Northern hybridizations are 
sequence dependent, and are different under different environmental parameters. Longer 
sequences hybridize at higher temperatures. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993) Laboratory Techniques in Biochemistry and Molecular Biology- 
Hybridization with Nucleic Acid Probes part 1 chapter 2 "Overview of principles of 
hybridization and the strategy of nucleic acid probe assays" Elsevier, New York. Generally, 
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highly stringent hybridization and wash conditions are selected to be about 5°C to 20°C 
(preferably 5°C) lower than the thermal melting point (T m ) for the specific sequence at a defined 
ionic strength and pH. Typically, under highly stringent conditions a probe will hybridize to its 
target subsequence, but to no other sequences. 

The T m is the temperature (under defined ionic strength and pH) at which 50% of the 
target sequence hybridizes to a perfectly matched probe. Very stringent conditions are selected 
to be equal to the T m for a particular probe. An example of stringent hybridization conditions for 
hybridization of complementary nucleic acids that have more than 100 complementary residues 
on a filter in a Southern or northern blot is 50% formamide with 1 mg of heparin at 42°C, with 
the hybridization being carried out overnight. An example of highly stringent wash conditions is 
0.1 5M Nad at 72°C for about 15 minutes. An example of stringent wash conditions is a 
0.2xSSC wash at 65°C for 15 minutes (see, Sambrook, infra, for a description of SSC buffer). 
Often, a high stringency wash is preceded by a low stringency wash to remove background 
probe signal. An example medium stringency wash for a duplex of, e.g., more than 100 
nucleotides, is IxSSC at 45°C for 15 minutes. An example low stringency wash for a duplex of, 
e.g., more than 100 nucleotides, is 4-6xSSC at 40°C for 15 minutes. For short probes (e.g., about 
10 to 50 nucleotides), stringent conditions typically involve salt concentrations of less than 
about l.OMNa ion, typically about 0.01 to 1.0 MNa ion concentration (or other salts) at pH 7.0 
to 8.3, and the temperature is typically at least about 30°C. Stringent conditions can also be 
achieved with the addition of destabilizing agents such as formamide. In general, a signal to 
noise ratio of 2x (or higher) than that observed for an unrelated probe in the particular 
hybridization assay indicates detection of a specific hybridization. 

The term "72?*r P romoter» refers to the native TERT promoter and functional fragments, 
mutations and derivatives thereof The TERT promoter does not have to be the full-length wild 
type promoter. One skilled in the art knows how to derive fragments from a TERT promoter and 
test them for the desired selectivity. Preferably, the TERT promoter of the invention is a 
mammalian TERT promoter and more preferably is a human TERT promoter (hTERT). See WO 
98/14593 and WO 00/46355, both of which are incorporated herein by reference. 

In one embodiment of the invention, the TERT promoter consists essentially of the 
following 397 bp fragment of the /jJERrpromoter: 
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ccctcgctggcgtccctgcaccctgggagcgcgagcggcgcgcgggcggggaagcgcggcccag 

acccccgggtccgcccggagcagctgcgctgtcggggccaggccgggctcccagtggattcgcg 

ggcacagacgcccaggaccgcgcttcccacgtggcggagggactggggacccgggcacccgtcc 

tgccccttcaccttccagctccgcctcctccgcgcggaccccgccccgtcccgacccctcccgg 

gtccccggcccagccccctccgggccctcccagcccctccccttcctttccgcggccccgccct 

ctcctcgcggcgcgagtttcaggcagcgctgcgtcctgctgcgcacgtgggaagccctggcccc 
ggccacccccgcg (SEQ ID NO:2) 

In another embodiment of the invention, the TERT promoter consists essentially of the 
following 245 bp fragment of the h TERT promoter: 

ccccacgtggcggagggactggggacccgggcacccgtcctgccccttcaccttccagctccgc 
ctcctccgcgcggaccccgccccgtcccgacccctcccgggtccccggcccagccccctccggg 
ccctcccagcccctccccttcctttccgcggccccgccctctcctcgcggcgcgagtttcaggc 
agcgctgcgtcctgctgcgcacgtgggaagccctggccccggccacccccgcg (SEQ ID NO:3) 

The present invention provides novel adenoviral vectors based on the oncolytic 
adenoviral vector strategy as described in WO 96/17053 and WO 99/25860, the disclosures of 
which are hereby incorporated by reference in their entireties. In particular, oncolytic adenoviral 
vectors are disclosed in which expression of an adenoviral gene, which is essential for 
replication, is controlled by a regulatory region that is selectively transactivated in cancer cells. 
In accordance with the present invention, such a cancer selective regulatory regulatory region is 
a TMPRSS2 promoter described in further detail herein. The invention further comprises 
adenoviral vector particles, which comprise the viral vectors of the invention. 

The adenoviral particles of the invention are made by standard techniques known to 
those skilled in the art. Adenoviral vectors are transferred into packaging cells by techniques 
known to those skilled in the art. Packaging cells typically complement any functions deleted 
from the wildtype adenoviral genome. The production of such particles requires that the vector 
be replicated and that those proteins necessary for assembling an infectious virus be produced. 
The packaging cells are cultured under conditions that permit the production of the desired viral 
vector particle. The particles are recovered by standard techniques. The preferred packaging 
cells are those that have been designed to limit homologous recombination that could lead to 
wildtype adenoviral particles. Cells that may be used to produce the adenoviral particles of the 
invention include the human embryonic kidney cell line 293 (Graham et aL. J. Gen. Virol. 
36:59-72 (1977)), the human embryonic retinoblast cell line PER.C6 (U.S. Patent Nos. 
5,994,128 and 6,033,908; Fallaux et aL, Hum. Gene Ther. 9: 1909-1917 (1998)), and the human 
cervical tumor-derived cell line HeLa-S3 (co-pending provisional patent application of Kadan et 
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a/., docket number 4-33160P1, filed on the same day as this application, entitled 'Method For 
Producing Oncolytic Adenoviruses")- 

The present invention contemplates the use of all adenoviral serotypes to construct the 
oncolytic vectors and virus particles according to the present invention. In a preferred 
embodiment, the adenoviral nucleic acid backbone is derived from adenovirus serotype 2(Ad2), 
5 (Ad5) or 35 (Ad35), although other serotype adenoviral vectors can be employed. Adenoviral 
stocks that can be employed according to the invention include any adenovirus serotype. 
Adenovirus serotypes 1 through 47 are currently available from American Type Culture 
Collection (ATCC, Manassas, VA), and the invention includes any other serotype of adenovirus 
available from any source including those serotypes listed in Table L The adenoviruses that can 
be employed according to the invention may be of human or non-human origin. For instance, an 
adenovirus can be of subgroup A (e.g, serotypes 12, 18, 31), subgroup B (e.g., serotypes 3, 7, 
11, 14, 16, 21, 34, 35), subgroup C (e.g. 9 serotypes 1, 2, 5, 6), subgroup D (e.g., serotypes 8, 9, 
10, 13, 15, 17, 19, 20, 22-30, 32, 33, 36-39, 42-47), subgroup E (serotype 4), subgroup F 
(serotype 40, 41), or any other adenoviral serotype. 



Examples Of Human And Animal Adenoviruses Including The American Type Culture 
Collection Catalog # For A Representative Virus Of The Respective Classification 



TABLE 1 



Adenovirus Type 21 ATCC VR-1099 
SA18 (Simian adenovirus 18) ATCC VR-943 
SA17 (Simian adenovirus 17) ATCC VR-942 
Adenovirus Type 47 ATCC VR-1309 
Adenovirus Type 44 ATCC VR-1306 
Avian adenovirus Type 4 ATCC VR-829 
Avian adenovirus Type 5 ATCC VR-830 
Avian adenovirus Type 7 ATCC VR-832 
Avian adenovirus Type 8 ATCC VR-833 
Avian adenovirus Type 9 ATCC VR-834 
Avian adenovirus Type 10 ATCC VR-835 
Avian adenovirus Type 2 ATCC VR-827 
Adenovirus Type 45 ATCC VR-1307 
Adenovirus Type 38 ATCC VR-988 
Adenovirus Type 46 ATCC VR-1308 
Simian adenovirus ATCC VR-541 



SA7 (Simian adenovirus 16) ATCC VR-941 
Frog adenovirus (FAV-1) ATCC VR-896 
Adenovirus type 48 (candidate) ATCC VR-1406 
Adenovirus Type 42 ATCC VR-1304 
Adenovirus Type 49 (candidate) ATCC VR-1407 
Adenovirus Type 43 ATCC VR-1305 
Avian adenovirus Type 6 ATCC VR-83 1 
Avian adenovirus Type 3 
Bovine adenovirus Type 3 ATCC VR-639 
Bovine adenovirus Type 6 ATCC VR-642 



Canine adenovirus ATCC VR-800 
Bovine adenovirus Type 5 ATCC VR-641 
Adenovirus Type 36 ATCC VR-913 
Ovine adenovirus type 5 ATCC VR-1343 
Adenovirus Type 29 ATCC VR-272 
Swine adenovirus ATCC VR-359 
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Bovine adenovirus Type 4 ATCC VR-640 
Bovine adenovirus Type 8 ATCC VR-769 
Bovine adenovirus Type 7 ATCC VR-768 
Adeno-associated virus Type2 (AAV-2H) ATCC VR- 
680 

Adenovirus Type 4 ATCC VR-4 

Adeno-associated virus Type3 (AAV-3H) ATCC VR- 
681 

Peromyscus adenovirus ATCC VR-528 

Adenovirus Type 15 ATCC VR-661 

Adenovirus Type 20 ATCC VR-662 

Chimpanzee adenovirus ATCC VR-593 

Adenovirus Type 31 ATCC VR-357 

Adenovirus Type 25 ATCC VR-223 

Chimpanzee adenovirus ATCC VR-592 

Chimpanzee adenovirus ATCC VR-591 

Adenovirus Type 26 ATCC VR-224 

Adenovirus Type 19 ATCC VR-254 

Adenovirus Type 23 ATCC VR-258 

Adenovirus Type 28 ATCC VR-226 

Adenovirus Type 6 ATCC VR-6 

Adenovirus Type 2 Antiserum: ATCC VR-1 079 
Adenovirus Type 6 ATCC VR-1083 
Ovine adenovirus Type 6 ATCC VR-1340 
Adenovirus Type 3 ATCC VR-847 
Adenovirus Type 7 ATCC VR-7 
Adenovirus Type 39 ATCC VR-932 
Adenovirus Type 3 ATCC VR-3 
Bovine adenovirus Type 1 ATCC VR-313 
Adenovirus Type 14 ATCC VR-15 
Adenovirus Type 1 ATCC VR-1078 
Adenovirus Type 21 ATCC VR-256 
Adenovirus Type 18 ATCC VR-1095 
Baboon adenovirus ATCC VR-275 
Adenovirus Type 10 ATCC VR-1 1 
Adenovirus Type 33 ATCC VR-626 
Adenovirus Type 34 ATCC VR-7 16 
Adenovirus Type 15 ATCC VR-16 
Adenovirus Type 22 ATCC VR-257 



Adenovirus Type 24 ATCC VR-259 

Adenovirus Type 17 ATCC VR-1094 

Adenovirus Type 4 ATCC VR-1081 

Adenovirus Type 16 ATCC VR-1 7 

Adenovirus Type 17 ATCC VR-1 8 

Adenovirus Type 16 ATCC VR-1 093 

Bovine adenovirus Type 2 ATCC VR-314 

SV-30 ATCC VR-203 

Adenovirus Type 32 ATCC VR-625 

Adenovirus Type 20 ATCC VR-255 

Adenovirus Type 13 ATCC VR-14 

Adenovirus Type 14 ATCC VR-1 091 

Adenovirus Type 18 ATCC VR-19 

SV-39 ATCC VR-353 

Adenovirus Type 11 ATCC VR-849 

Duck adenovirus (Egg drop syndrome) ATCC VR-921 

Adenovirus Type 1 ATCC VR-1 

Chimpanzee adenovirus ATCC VR-594 

Adenovirus Type 15 ATCC VR-1092 

Adenovirus Type 13 ATCC VR-1090 

Adenovirus Type 8 ATCC VR-1368 

SV-31 ATCCVR-204 

Adenovirus Type 9 ATCC VR-1 086 

Mouse adenovirus ATCC VR-550 

Adenovirus Type 9 ATCC VR-10 

Adenovirus Type 41 ATCC VR-930 

CI ATCCVR-20 

Adenovirus Type 40 ATCC VR-93 1 

Adenovirus Type 37 ATCC VR-929 

Marble spleen disease virus 

Adenovirus Type 35 ATCC VR-718 

SV-32 (M3) ATCC VR-205 

Adenovirus Type 28 ATCC VR-1 106 
Adenovirus Type 10 ATCC VR-1087 
Adenovirus Type 20 ATCC VR-1 097 
Adenovirus Type 21 ATCC VR-1098 
Adenovirus Type 25 ATCC VR-1 103 
Adenovirus Type 26 ATCC VR-1 104 
Adenovirus Type 31 ATCC VR-1 109 
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Adenovirus Type 19 ATCC VR-1 096 

SV-36 ATCC VR-208 

SV-38 ATCCVR-355 

SV-25 (M8) ATCC VR-201 / 

SV-15(M4)ATCCVR-197 

Adenovirus Type 22 ATCC VR-1 100 

SV-23 (M2) ATCC VR-200 

Adenovirus Type 11 ATCC VR-12 

Adenovirus Type 24 ATCC VR-1 102 

Avian adenovirus Type 1 

SV-1 1 (MS) ATCC VR-196 

Adenovirus Type 5 ATCC VR-5 

Adenovirus Type 23 ATCC VR-1 101 

SV-27 (M9) ATCC VR-202 

Avian adenovirus Type 2 (GAL) ATCC VR-280 

SV-1 (M1)ATCCVR-195 



SV-17(M6)ATCCVR-198 

Adenovirus Type 29 ATCC VR-1 107 

Adenovirus Type 2 ATCC VR-846 

SV-34 ATCC VR-207 

SV-20 (M7) ATCC VR-199 

SV-37 ATCC VR-209 

SV-33 (M10) ATCC VR-206 

Avian adeno-associated virus ATCC VR-865 
Adeno-associated (satellite) virus Type 4 ATCC VR-646 
Adenovirus Type 30 ATCC VR-273 
Adeno-associated (satellite) virus Typel ATCCVR-645 
Infectious canine hepatitis (Rubarth's disease) 
Adenovirus Type 27 ATCC VR-1 105 
Adenovirus Type 12 ATCC VR-863 
Adeno-associated virus Type 2 
Adenovirus Type 7a ATCC VR-848 



In one aspect the present invention provides a recombinant adenoviral vector comnnV 
an ad^vira, nuCeic acid backbone, wherein said nuCeic acid b^T^^n 
^uentia, order: a ,eft rn, a temiinafion signa, science, a cancer setecHve rJZZZ 
of the invention that is operatively linked to » . 

. , . tet sene es *'"iaJ for replication of the 

recombinant adenoviral vector, an adenoviral packaging signal, and a right ITR 

b anomer aspect the present invention provides a recombinant adenoviral vector 

- se,eefive J^^^T^^^T ' 
—daiforreplicadonofmerecombimmtadenovim, vector, aLan^TO ^ 
ha another aspect, the present invention provides a recombinant adenovira! vector 
^prising an adenovim, nuCeic acid backbone, wherein said nucleic aoid backbone 
m sexual order: a left fTR, a termination signa, science, a firs, cancer selecfive reglZ 

vector a second cancer selechve regulatory region operafive.y finked to a second gene essentia! 
fcr rephoation, an adenoviral packaging signal, and a right ffR 

como I ° "*T ^ inVenti<,n » — «— — vector 

compnsing an adenoviral nucleic acid backbone, wherein said nucleic acid backbone compel 

- ~ order: a left ITR, an adenovira, packaging signal, a termination signal ^ZZ 
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first cancer selective regulatory region operatively linked to a fW „ 

derived fe m fi l an<l SeMnd ^ re8U,a,My be — «- -e, 

derived from the same promoters) or may be derived from diffi,™, 

embody me fa m xMye - * ~~ * - 

' " or ™ t2 r-l promoter operativelv linked m m ..j .1. 

canceraelecUvere^atoryregionisaja^flm^ . " SeC ° nd 

J egion la 3.1MPRSS2 promoter operatively linked to E4 

One exemplary veotor eompriaea an Ad5 nueleic aoid backbone wherain ft. b w, 
eompriaea in sequential oroer a left ITR. an ad™„ • . , • backbone 
site a JWFBSW „™ , ^ en ° V,ra ' packagin S si S°<". an SV40 early polyA 

site, a TMPBSS2 promoter operatively linked to the Ela gene a telnmpm 

linked ,„ me E4 gene, and a right mt. Prom0ter ° Pen " iV<!l3 ' 

TTte rocombinan, adenoviral vectora ofmis invention are useful as therapeutics for cancer 
uterapy. As demonstramd herom, JMPRSS2 is overexpressed in prosra te tumor ceuT Z7 

large, nssuea. altowmg for „e mvorable e ffi cacy/,oxici,y profile ^ " "° n " 

^ereirr^citzr;" * , — * • r ~ — - - 

of me smb. II IT, ^ ™ P ° Si,i0nin8 ° f *' ^ 

po-britty to T r "T— ° f «- — "aekbone ma, are ,o M ter. upstream of the 
~S-h d ,et,ons can unprove ,he selectivity of regulation of vira, replication 
ZbT-ZT W ° ^ - W ° ~- - — ' - -Po- 
)■ L*e me mtrammoral oncoiytio adenoviros described above, me adenovirus ofmis 
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embodiment utilizes a TMPRSS2 promoter to control expression of the adenoviral El a gene and 
an hTERT (human telomerase reverse transcriptase) promoter to control expression of the 
adenoviral E4 gene, thereby increasing tumor selectivity. 

In one embodiment, the recombinant viral vector of the invention comprises a 
termination signal sequence. The termination signal sequence increases the therapeutic effect 
because it reduces replication and toxicity of the oncolytic adenoviral vectors in non-target cells. 
Oncolytic vectors of the present invention with a polyadenylation signal inserted upstream of the 
El a coding region have been shown to be superior to their non-modified counterparts as they 
have demonstrated the lowest level of El a expression in nontarget cells. Thus, insertion of a 
polyadenylation signal sequence to stop nonspecific transcription from the left ITR improves the 
specificity of Ela expression from the respective promoter. Insertion of the polyadenylation 
signal sequences reduces replication of the oncolytic adenoviral vector in nontarget cells and 
therefore toxicity. A termination signal sequence may also be placed before (5') any promoter in 
the vector. In one embodiment, the terminal signal sequence is placed before a heterologous 
promoter operatively linked to the E4 gene, e.g. an hTERT promoter. 

In another embodiment, the recombinant viral vector further comprises a deletion 
upstream of the termination signal sequence, such as a deletion between nucleotides 103 and 551 
of the adenoviral type 5 backbone or corresponding positions in other serotypes. A deletion in 
the packaging signal 5' to the termination signal sequence may be such that the packaging signal 
becomes non-functional. In one embodiment, the deletion comprises a deletion 5' to the 
termination signal sequence wherein the deletion spans at least the nucleotides 189 to 551. In 
another embodiment the deletion comprises a deletion 5' to the termination signal sequence 
wherein the deletion spans at least nucleotides 103 to 551 (Figure 2 of WO 02/067861 and WO 
02/068627). In this particular embodiment, it is preferred that the packaging signal is located 
(Le. re-inserted) at a position 3' to the termination signal sequence and downstream of the 
TMPRSS2 promoter-linked gene essential for replication. 

Li one embodiment, the invention further comprises a mutation or deletion in the E3 
region. However, in an alternative embodiment, all or a part of the E3 region may be preserved 
or re-inserted in the oncolytic adenoviral vector. See, e.g., U.S. Pat. No. 6,495,130, incorporated 
herein by reference. Presence of all or a part of the E3 region may decrease the immunogenicity 
of the adenoviral vector. It also may increase cytopathic effect in tumor cells and decrease 
toxicity to normal cells. Preferably, the vector expresses more than half of the E3 proteins. 
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In an alternative embodiment, the invention further comprises a mutation or deletion in 
the Elb gene. Preferably the mutation or deletion in the Elb gene is such that the Elb-191cD 
protein becomes non-functional. This modification of the Elb region may be combined with 
vectors where all or a part of the E3 region is present. 

In another embodiment, the oncolytic adenoviral vector further comprises at least one 
heterologous coding sequence, such as a therapeutic gene coding sequence. The therapeutic 
gene, preferably in the form of cDNA, can be inserted in any position that does not adversely 
affect the infectivity or replication of the vector. Preferably, it is inserted in the E3 region in 
place of at least one of the polynucleotide sequences coding for the E3 proteins. For example, 
the therapeutic gene may be inserted in place of the 19kD or 14.7 kD E3 gene. 

A therapeutic gene can be one that exerts its effect at the level of RNA or protein. 
Therapeutic genes that may be introduced into the adenovirus include a factor capable of 
initiating apoptosis, antisense or ribozymes, which among other capabilities may be directed to 
mRNAs encoding proteins essential for proliferation, such as structural proteins, transcription 
factors, polymerases, etc., genes encoding cytotoxic proteins, genes that encode an engineered 
cytoplasmic variant of a nuclease (e.g. RNase A) or protease (e.g. trypsin, papain, proteinase K, 
carboxypeptidase, etc.), or encode the Fas gene, and the like. 

Other therapeutic genes of interest include, but are not limited to, immunostimulatory, 
anti-angiogenic, and suicide genes. Immunostimulatory genes include, but are not limited to, 
genes that encode cytokines (GM-CSF, IL1, TL2, RA, ILS, IFNa, IFNy, TNFa, IL12, IL18, and 
flt3), proteins that stimulate interactions with immune cells (B7, CD28, MHC class I, MHC 
class n, TAPs), tumor-associated antigens (immunogenic sequences from MART-1, 
gpl00(pmel-17), tyrosinase, tyrosinase-related protein 1, tyrosinase-related protein 2, 
melanocyte-stimulating hormone receptor, MAGE1, MAGE2, MAGE3, MAGE 12, BAGE, 
GAGE, NY-ESO-1, 0-catenin, MUM-1, CDK-4, caspase 8, KIA 0205, HLA-A2R1701, o> 
fetoprotein, telomerase catalytic protein, G-250, MUC-1, carcinoembryonic protein, p53, 
Her2/neu, triosephosphate isomerase, CDC-27, LDLR-FUT, telomerase reverse transcriptase] 
and PSMA), cDNAs of antibodies that block inhibitory signals (CTLA4 blockade), chemokines 
(MlPla, MIP3a, CCR7 ligand, and calreticulin), and other proteins. Anti-angiogenic genes 
include, but are not limited to, genes that encode METH-1, METH -2, TrpRS fragments, 
proliferin-related protein, prolactin fragment, PEDF, vasostatin, various fragments of 
extracellular matrix proteins and growth factor/cytokine inhibitors. Various fragments of 
extracellular matrix proteins include, but are not limited to, angiostatin, endostatin, kininostatin, 
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fibrinogen-E fragment, thrombospondin, tumstatin, canstatin, and restin r ,u 

PDGP, TGF(5 and IGF-1. ' " an,ag0,,iS, ^ 
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The rovention further comprises combinations of rivo or more unnagenes win, 
synergic, comptememary and/or nonoverlapping toxicities ana methods of action The 
resumng oncocytic adenovirus WO u,d retain me ^ ^ ^ ™ 

In anome, embodiment, the adenovira! parities of «he inveotion rorther comprise a 

HTTh"T ^ ^ m "' a,i0,K 10 -"* <-f these 

mutations mclude, but are no, limited to those described in US application no TO/35, 890 Z 

»«*n WO 0.^, and US Patent Nos. S^U, 6 ,," 435 , J^f^ 

.»* bu, are no, hmited to mntetions that decrease binding of the vim, vertor articled 

pamcniar ce« type or more man one celt type, enhance the binding of.be vhnl vector partic.e to 

a partictdar ceti type or more than one ceU type and/or reduce the immune responTm m 

adenovtral vector partic.. in an animai. In addition, me adenovira, vector particles Z me prol 

mvemton may also comain mutations to other viral capaid pmteins. Bxampfcs ofmle mo Z 

According*, m ^ aspect mere is pmvided a method of selective^ kffling a 
neoplastic eel, in a ce„ population ma, comprises contacting an effective amoun, of I vL 
vectors and/or vira, particles of me invention wim said ce„ popn,ation under condition^ 

" T" ~ - • *. neoplastic ceUs in me coil ^ 

rephcate, and kill the neoplastic cells. p ^ 

The viral vectors of me invention are useM in stodying metttoda of Wiling neoplasue 

Z'Z r ; 0rta ,r ,alm ° de,S - — — * MorepZX 
dm mammahan ceUs are primate cel., Mos, preferably, me primate cells arc huml ce„s 

on embodtmen, of me invention, me recombinan, vim, vectors and/or partic.es se^nveW 
rephcate in and lyse prostate cancer cells. selectively 
In a further aspect of me invention, a pharmaceutical composition comprising me 
rocombman. vn* vectors and/or particles of me invention and a pharmaceutic^ ^ 

ZL 7 C ° mP0Si ' i0nS ' ^ - * " —» ^ adenovna, 

systeouc admm.sn.tion ,o individuals in unH dosage forms, sterile parentem, solutions 
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or suspensions, sterile non-parentora, maakm or oral ^ Qr ^ 
water in ot. enmlsions and «he like. Fotmtdations for parenteral and non-parnntonu drug delivery 
are known . «he art. Compositions also include lyophilized and/or reconstituted fon ns of Z 
adenovna, vectors and partio.es of me invention. Accept phannaceutiea. caniem are, for 
example, S atine so.unon, pmtamine sulfate (EMus-Shm, Inc., Cheny HiU, NX), water, a,ueoua 
buffers, such as phosphate buffo, and Tris buffets, or Poiybrene (Sigma Cbetnioe., St Louis 
MO) and phosphate-buffered satiue and suerose. The se,eotion of a suitabie phannaceutiea. 
-» .s doomed ,o be apparent to tbose skiUed in the art ffom the teachings conned hereh, 
Th«e so utions are sterile and genendly free of part.cu.ate matter omer titan tite desired 

stlT ™°". ^ COmP ° Siti0nS ™" ^ «*— — Oy acceptable auxihary 
substonces as „ to approximate physiologicaI ammMm ^ „ pH ^ 

buffcrutg agen*. toxicity adjusting agents and tit. .ike, for example sodium acetete, sodium 
chtonde, potaastum chloride, calcium chloride, sodium .actitte, ere. Excipiente tina, enhance 
infection of cells by adenovirus may be included. 

The vim. vectors are administered to a host in an amount that is effective to inhibit 
prevent or d^teoy the gmwtit of me nnnor cells mrough repHcation of me vim, venters in the 
<umor o=..s. Such administmtion may be by systemic administration as heminabove described 
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system.ca.ly m an amount of a. .east 5 x .0» partie.es per kitogmm body weight and in genem. 
such an amount does no, exeoed 2.5 x .0" partie.es per ki.og.am body weigh,. The veotots are 
adnumstered mtmhunomlly in an amoun, of « IeMt 2 , 10 ,o fmic ^ ^ fa 
amoun, does no, exceed 2 x 10" partie.es. The exao, dosage to be administer is dependon, 
upon a vanety of ftetom inCuding the age. weight and sex of the patient and ti* 1 mA 
of tire tirmor being boated. The viruses may be admhustoreri one or more times times 
which may be de^t upon tbe immune response potontia, of me bos,. Single or » 
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seated by ,he .eating physician, ff neoessary, „ e fam «ne response may be diminished by 
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mempy of the present invention may be combined with o,her anti»eop.as«c protocob 
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catheters, topical applications, inhalation, etc. 
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In ye. another aspect, a mahod of Seating a host organise: having a neoplastic condition 
■s proved, comprising administering a tttempeutically effective atnoun, of toe composition of 
the invention to said host organism. 

In a preferred embodiment of the invention, the neoplastic tissue is abnormally 
proliferating, and preferably malignant tumor tissue. Preferably, the viral vector is distributed 
essenbauy throughout the tissue or tumor mass due ,o its capacity for selective mpHcation h, ,h e 
tumor tissue. 

AH neoplastic conditions am potentially amenable ,„ treatment with the methods of the 
nwention. Tumor types include, bu, are no, limited to hematopoietic, pancreatic, neurologic 
hepahc, gastioinfestina, tract, endocrine, biliary tract, smopulmonary, head and neck, soft tissue 
™ and carcinoma, dermatome, reproductive tra«, respiratory, and the like. Preferred 
tomots for hitmen, a* .hose with a high mitotic index mtatiye to nomtal dssue. Preferred 
tumors are soltd tmnors. In one embodiment of the method of neahnent, the neoplastic condition 
is prostate cancer. 

In a prefer embodiment the host organism is a human patient. For human patienta, if a 
therapeotic gene is included in the vector, me therapeutic gene may he of human origin although 
genes of closely rotated species that exhibit high homology and biological* identical or 
eqtuvalen, taction in humans may be used if the gene does no, produce an adverse immune 
reaction m fte recipien,. A therapeutic active amoun, of a nucleic acid sequence or a therapeutic 
gene ts an amoun, effective a, dosages and for a period of time necessary ,o achieve tire desired 
result Th, s anx,un, may vary according to various fectors including bu, no, limitod to sex age 
wcghtofa subject, and Hie like. ^ ' 

The invention also provides for screening candidate dmgs to identify agon* uaeftt. for 
modulating the exptession of TMPRSS2 in cancer tissne, and hence useM for .mating cancer 
Appmpnate ho* cells are mose in which .he regulatory region of TMPRSS2 is capable of 
flmctionmg. In one embodimen,, ,he regulatory region of TMPRSS2 is used to make a variety of 
expression vectors to express a marker dta, can men be used in screening assay, Tbe expression 
vectors may be eidter self-mphcating extiachmmosomal vectors or vectors ttta, mfegmte into a 
hos, genome. GeneraHy, ,hese expression vectors include a tinnscriptiona. and tianslational 
regulatory nucletc acid sequence of 7MPXSS2 opemtively linked to a nucleic acid encoding a 
nwke. The marker may be anyprotein .ha, can be readily detoctod. I, maybe a de,ec,ed on the 
basts of bgh, emtsston, sneh as lucifemse, color, such as 0-galactosidaae, e^yme activity, such 
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as alkaline phosphatase or antibody reaction, such as a protein for which an antibody exists. In 
addition, the marker system may be a viral vector or particle of the present invention. 

In one embodiment, the viral vector or particle is used to assess the modulation of the 
TMPRSS2 promoter. According to this embodiment, an effective amount of the viral vectors or 
viral particles of the invention is contacted with said cell population under conditions where the 
viral vectors or particles can transduce the neoplastic cells in the cell population, replicate, and 
kill the neoplastic cells. The candidate agent is either present in the culture medium for the test 
sample or absent for the control sample. The LD 50 of the viral vectors or particles in the 
presence and absence of the candidate agent is compared to identify the candidate agents that 
modulate the expression of the TMPRSS2 gene. If the level of expression is different as 
compared to similar viral vector controls lacking the TMPRSS2 promoter, the candidate agent is 
capable of modulating the expression of TMPRSS2 and is a candidate for treating cancers 
involving this gene and for further development of active agents on the basis of the candidate 
agent so identified. 

hi a second embodiment, the candidate agent is added to host cells containing the 
expression vector and the level of expression of the marker is compared with a control. If the 
level of expression is different, the candidate agent iscapable of modulating the expression of 
TMPRSS2 and is a candidate for treating cancers involving this gene and for further 
development of active agents on the basis of the candidate agent so identified. 

Active agents so identified may also be used in combination treatments with oncolytic 
adenoviruses of the invention. 

Having identified the TMPRSS2 gene as being associated with cancer, a variety of assays 
may be executed. In an embodiment, assays may be run on an individual gene or protein level. 
That is, having identified a gene as up-regulated in cancer, candidate bioactive agents may be 
screened to modulate this gene's response; preferably to down-regulate the gene, although in 
some circumstances to up regulate the gene. "Modulation" thus includes both an increase and a 
decrease in gene expression. The preferred amount of modulation will depend on the original 
change of the gene expression in normal versus tumor tissue, with changes of at least 10%, 
preferably 50%, more preferably 100-300%, and in some embodiments 300-1000% or greater! 
Thus, if a gene exhibits a 4 fold increase in tumor compared to normal tissue, a decrease of 
about four fold is desired; a 10 fold decrease in tumor compared to normal tissue gives a 10 fold 
increase in expression for a candidate agent is desired. 
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The terms "candidate bioactive agent," "drug candidate" "compound" or grammatical 
equivalents as used herein describes any molecule, e.g., protein, oligopeptide, small organic 
molecule, polysaccharide, polynucleotide, etc., to be tested for bioactive agents that are capable 
of directly or indirectly altering the cancer phenotype or the expression of a cancer sequence, 
including both nucleic acid sequences and protein sequences. In preferred embodiments, the 
bioactive agents modulate the expression profiles, or expression profile nucleic acids or proteins 
provided herein. In a particularly preferred embodiment, the candidate agent suppresses a cancer 
phenotype, for example to a normal prostate tissue fingerprint. Similarly, the candidate agent 
preferably suppresses a severe cancer phenotype. Generally a plurality of assay mixtures are run 
in parallel with different agent concentrations to obtain a differential response to the various 
concentrations. Typically, one of these concentrations serves as a negative control, i.e., at zero 
concentration or below the level of detection. 

Candidate agents encompass numerous chemical classes, though' typically they are 
organic molecules, preferably small organic compounds having a molecular weight of more than 
100 and less than about 2,500 daltons. Preferred small molecules are less than 2000, or less than 
1500 or less than 1000 or less than 500 daltons. Candidate agents comprise functional groups 
necessary for structural interaction with proteins, particularly hydrogen bonding, and typically 
include at least an amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the 
functional chemical groups. The candidate agents often comprise cyclical carbon or heterocyclic 
structures and/or aromatic or polyaromatic structures substituted with one or more of the above 
functional groups. Candidate agents are also found among biomolecules including peptides 
saccharides, fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or 
combinations thereof. Particularly preferred are peptides. 

Candidate agents are obtained from a wide variety of sources including libraries of 
synthetic or natural compounds. For example, numerous means are available for random and 
duected synthesis of a wide variety of organic compounds and biomolecules, including 
expression of randomized oligonucleotides. Alternatively, libraries of natural compounds in the 
form of bacterial, fungal, plant and animal extracts are available or readily produced 
Additionally, natural or synthetically produced libraries and compounds are readily modified 
through conventional chemical, physical and biochemical means. Known pharmacological 
agents may be subjected to directed or random chemical modifications, such as acylation, 
alkylation, esterification, amidification to produce structural analogs. 
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The practice of the present invention employs, unless otherwise indicated, conventional 
techniques of chemistry, molecular biology, microbiology, recombinant DNA, genetics, 
immunology, cell biology, cell culture and transgenic biology, which are within the skill of the 
art. See, e.g., Maniatis et aL, 1982, Molecular Cloning (Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York); Sambrook et aL, 1989, Molecular Cloning, 2nd Ed. (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New York); Sambrook and Russell, 2001, 
Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New 
York); Ausubel et aL, 1992, Current Protocols in Molecular Biology (John Wiley & Sons, 
including periodic updates); Glover, 1985, DNA Cloning (IRL Press, Oxford); Anand, 1992^ 
Techniques for the Analysis of Complex Genomes, Academic Press, New York; Guthrie and 
Fink, 1991, Guide to Yeast Genetics and Molecular Biology , Academic Press, New York; 
Harlow and Lane, 1 988, Antibodies, (Cold Spring Harbor Laboratory Press, Cold Spring Harbor] 
New York); Jakoby and Pastan, 1979; Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins 
eds. 1984); Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of 
Animal Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (TRL 
Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise, Methods 
In Enzymology (Academic Press, Inc., NY); Gene Transfer Vectors For Mammalian Cells (J. 
H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); Immunochemical 
Methods In Cell And Molecular Biology (Mayer and Walker, eds., Academic Press, London, 
1987); Handbook Of Experimental Immunology, Volumes I-IV (D. M. Weir and C. C. 
Blackwell, eds., 1986); Riott, Essential Immunology, 6th Edition, Blackwell Scientific 
Publications, Oxford, 1988; Hogan et aL, Manipulating the Mouse Embryo, (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY., 1986). 
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EXAMPLES 

The present invention is described by reference to the following Examples, which are 
offered by way of illustration and are not intended to limit the invention in any manner. 
Standard techniques well known in the art or the techniques specifically described below are 
utilized. 

EXAMPLE 1: Identification Of Cancer-Selective Genes By Gene Expression Profiling With 

Tumor / Normal Tissue Microarray Databases 

A tumor/normal tissue microarray database including prostate tumors, normal prostates, 
colon tumors, normal colons, as well as normal lungs, normal livers, normal kidneys and one 
normal heart are analyzed. KNA samples are hybridized with more than 200,000 different 
oligonucleotide probes on Affymetrix human U95A v.2 chips. The transcript levels of more than 
8000 known genes in the human genome are profiled for each sample. Differential expression of 
the genes (expressed as "average difference values") in tumor and normal tissues is determined 
using an algorithm that ranks the genes by criteria designed to identify genes that show low to 
high expression levels in a majority of samples from a cancer of interest, and that show an 
absence of expression in a majority of samples from non-target tissues. Non-target tissues 
include matched normal tissue for the particular cancer type (except prostate cancer), liver, lung, 
kidney and heart. These criteria are applied to the microarray data in Excel by setting the 
following parameters by which to rank the candidate gene average difference values: a mean 
level of expression in the tumor samples greater than 200 relative units, a mean level of 
expression in the normal matched tissue of less than 40 (except for prostate cancer), a mean 
level of expression in non-target tissues of less than 40, and having the above criteria met in 
>50% of the tumor and normal tissue samples. 

The candidates are further evaluated for their expression levels in different cell lines to 
select cell lines that can be used as positive and negative controls for expression. The genes that 
fulfill the criteria for differential expression both in tumor tissues as well as in particular cell 
lines are determined to be candidate genes. 

In an examplary study carried out according to the above, a tumor/normal tissue 
microarray database including 24 prostate tumors, 9 normal prostates, 21 colon tumors, 5 normal 
colons, as well as 5 normal lungs, 5 normal livers, 4 normal kidneys and one normal heart was 
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TABLE 2 

Prostate Cancer Selective TMPKSS2 Oene Identified By Expression Profiling 
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BXAMPLE 2: Validation Of Selective Gene Expression In Tumor Targe, Versus Non-Targe, 
And Normal Cell Lines By Semi-Quantitative rt-PCR 

gene J^T^" ^ " '° * * » — 

CDNA are. sense, 5 -CATTGCTACCTCAGTGCTCCTGGAAAC-3' (SEQ ID NC4) and 
anusense, a,ACATCTTrCrCTrCTTCGCCGCCACC-3, (SEQ * NO:5 , MuIfipL 

^ " *"* - " cDNA is co-ampfified L ritlma, " 
CDNA tn «he presence of IKHtm^Mc prime, and Igs-speeinc primers provided in 
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In an exemplary study carried out according to the above, the differential patterns 
detected by rt-PCR amplification were determined to be in reasonable agreement with the 
patterns uientified by the expression profiling (see Table 3 below). In some cases rt-PCR 
amplication detected a low level of expression that was not detected by the expression 
profiling. Nevertheless, the differential pattern maintained between the positive and negative cell 
hues. Three prostate tumor cell lines LNCap, C4-2 and Vcap were selected as TMPRSS2- 
poative cell lines, and SW620, H69, Hep3B and hPr-1 as the negative cell lines. Four normal 
human cell lines were all used for testing. 

TABLE 3 

^^-Posttve / Negative Cell Lines By rt-PCR vs. Microairay 1 
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Cell line Cell type Expression by Expression by rt- 

LNCap prostate tumor ~ 

C4-2 prostate tumor + 

Vcap prostate bone metastasis tumor + 

SW620 colon carcinoma 

H69 small cell lung cancer 

Hep3B hepatoma carcinoma 

Wi38 human primary fibroblast - " 

MRC5 human primary fibroblast NA " 

HAEC human aorta epithelial cell NA I 

HRE human renal epithelial cell NA 1 

hPr-I. transfoimed prostate cell ± 

Prostate prostate tissue IjT - 



EXAMPLE 3: Promoter Annotation And Sequence Determination 

Several web-based computational tools are applied to assist the annotation of a promoter 
m the human genome. An exon map of the gene in the GenBank database (available on the web 
at http://www.ncbi.nih.gov/cgi-bin) is used to determine the 5' end of an mRNA sequence. The 
first base pan of the exon 1 sequence usually indicates a transcription start site (TSS). The basal 
promoter region is generally defined as being within 500 bp upstream of the TSS. To include 
certain transcription factor binding sites further upstream of the basal promoter sequence, a 
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reg.cn containing 1.9 to 2 kb upstream and !00 to 250 bp downs**™ of the Tss „ 

front the NCBI hnntan genome database. TMPRSS2 is located in the hnman genome a. 

*™T 21 ' C ° n,igNT - 01 1512 ' *"» — «"■» -trieved promoter region is shown as 
MivJ ID NO:L 

To predict the funcdonality of the retrieved promoter sequence, the sequence is analyzed 
forbasal promoter elements and transcription factor binding sites using the computational too. 
baked ,o TRANSFAC, a ftarsenpfion factor binding site database available on the web a. 
hn P .//v^.ge„„ IM Ux.de/cgi-bfa/eIdorado/maa.pl. Examples of criteria .ha, are used ,o 
determine which of the promoter fragments to test for tumor-selectivity are: f) the sequence 
preferably contains either a TATA box or an Ebox/GC rich region in the proximal region, and 2) 
common uunscripuon factor binding sites preferably occur as a duster with each other forming a 
pari.cu.ar pattern. As an exampie of the prediction result, the promoter contains an Ebox/GC 
nch region within 600 bp upstream of TSS, while f, does no. contain a TATA box sequence In 
add.hon, (wo common transcription factor binding sites, AP2F and EGRF, cluster within 250 bp 
upareatn of TSS in (his promoter. These characteristic components provide evidence for fhe 
sequence to be a basal promoter region. 

As an example for the prediction of regulatory motif, several patterns common for 
prostate-selective promoter sequences are present in the TMPRSS2 promoter region These 
motifs include AP2F/SP1F, AP2F/ZBPF, EGRF/EKLF, EGRF/EGRF and SP1F/EGRF These 
cluster patterns may belong to functional motifs for transcriptional activation of prostate- 
selective genes. 

In addition, a group of binding sits for transcription factors Paxl, 5, & 6, E2TF LTUP 
and NFkb are present in the TMPRSS2 promoter/upstream sequence. These binding sites may 
be specific for the regulation of the TMPRSS2 promoter in prostate tumor. These motif patterns 
are believed to be novel and are not known to have been been described in the literature. 

EXAMPLE 4: Construction Of Oncolytic Adenoviral And Luciferase Reporter Vectors With A 

TMPRSS2 Promoter Sequence 

To evaluate the control of oncolytic vector replication by the TMPRSS2 promoter a 2 kb 
promoter sequence is isolated from human genomic DNA by PGR amplification and cloned into 
an adenoviral vector. The TMPRSS2 promoter is cloned into an Ad5-based viral vector backbone 
in whxch the Ela promoter had been deleted and replaced with the SV40 early polyadenylation 



34 



T' T SeqUe " CeS 3 P™»<« ■«■— P™er 

JT - " 5 '^ ATGTCATOTAW SQi™ ASeS m C c £ Ac.3. 

NOl6) -* » -» a Pmel restriction site 5 , 

— ^cm^^,, (SEQ ro NO:?) we ^ 

premoter and Elais incotporatod into an infectious Ad „ plasmj< , ^ * 

* 199S> »-**»-2SM to generate an TMPRSS2 adenoviral vector 

To evahrate promoter seiectivity a, the .eve, of transcriptional activation, the same 2 kb 
proctor aeouenee is afco Coned i„ to a modifted lucif^e expression easse«e. This *J2 

hu„,e ptasnud. Tne promoter sconce is men cloned into reaction sites upsu^m of the 
Werase codmg science to drive lucifemse expression. This modtfed report! systom more 
22 <~- sequence contox, of the adenovira, ITR and packaging signai/enWr 

annate promote™ a higher throughput scale, which aeoe.era.es the proeess of identifying 
selecUve monfs for farther improve™™ of ouco.ytic veetor selectivity and potency. 

EXAMPLE 5: Tumor Killing Seiectivity And Poteocy By MTS ^ ^ ^ 

Adenoviral Vector 

The WPte oncotic adenovnal vector is evaiuated by an MTS assay according to 

~r?T ' <CeUTite ^ * Madison, 

select™* on Urge, v, non-targe, and nonna, cell iines. Wildtype Ad5 is included in the 
expenmen, as a „ormah Z a„on factor, Cells are seeded in 96-wel, dishes in 90* vohnne on. day 
pnor to adenovnul infection. The nex, day, adenoviruses are diluted serially in the appropriate 

seven to ten days, after which an MTS cytotoxicity assay (CellTiter 96" AO No„ 
Radicle CeU Proration Aasay (rremega, Madisou, WI» is performed ace^ »Z 

::: :n • Absorbance va,ues - ~ - • * — 

and plotted ve™ vector dose. A sigmoids! dose-response curve is ft to the data and a ietha. 
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dose-50 percent (LD 5 o) value is calculated for each replicate using GraphPad Prism software, 
version 3.0. 

In an exemplary study carried out according to the above, the dose-response curves and 
LD 5 o data indicated that although the LD 50 values of the TMPRSS2 vector was higher than the 
values of the Ad5 vector for all of the cell lines tested, the values were closer to wildtype levels 
on tumor cell lines. 

As shown in Table 4 below, the relative LD50 values of the TMPRSS2 vector on prostate 
tumor cells were in the range of 0.2 to 0.7, indicating a vector killing potency close to that of the 
wildtype Ad5 vector. In contrast, the relative LD 50 value was low on non-target tumor and 
normal cell lines, indicating low killing activity on these cells. Therefore, the TMPRSS2 vector 
has both high tumor-killing selectivity and potency. 

TABLE 4 

Relative LD 50 for TMPRSS2 vector in various cell lines in an MTS assay. 



Cell lines 


Relative LD50 (Ad5 / TMPRSS2) 


Target cells 




LNCap-1 


0.204 


LNCap-2 


0.435 


LNCap-3 


0.677 


C4-2-1 


0.211 


C4-2-2 


0.167 


C4-2-3 


0.163 


Vcap 


0.187 


Non-target cells (tumor) 




SW620 


0.028 


SW620, no C02 


0.059 


H69 


0.011 


Non-target cells (normal) 




hPr-1 


0.042 


HRE 


0.092 


HAEC 


0.057 


MRC5 


0.005 


Wi38 


0.011 



In evaluating the selectivity of an oncolytic vector in vitro, comparison with a wildtype 
control such as Ad5 helps control for potential differences between cell lines such as 
transduction efficiency. Selectivity for tumor cell lines can be represented mathematically by a 
"selectivity index" value. In the current example, a selectivity index value for a vector is the 
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cytotoxicity of an oncolytic vector relative to Ad5 on tumor target versus non-target or normal 
cells. A selectivity index value above "1" is defined as having tumor cell selectivity. The higher 
the value, the better the selectivity. Tumor-killing selectivity is calculated based on the 
following equation: 

Selectivitylndex = "*» ° V 



LE>50 Ad5 n-^etnorma! - LD 50 OV nontarget™™. 

In an exemplary study, the selectivity indices for the TMPRSS2 vector was calculated on 
prostate tumor cell lines LNCap, C4-2 and Vcap vs. non-target tumor cell lines SW620, H69 and 
hPr-1 as well as the primary cell lines HRE, HAEC, MRC5 and Wi38. The experiments on the 
target prostate tumor cell lines were repeated three times in individual cell cultures and average 
selectivity index values were listed in Table 5. The high selectivity index value demonstrates 
that the TMPRSS2 vector selectively kills prostate tumor cell lines LNCap, C4-2 and Vcap. 

TABLE 5 
Selectivity Index of TMPRSS2 Vector 



Target cell lines 


LNCap 






versus: 


C4-2 


VCap 


Non-target cell lines 








SW620-1 

H69 

HPr-1 


16.7 
40.2 
10.3 


6.9 

16.5 

4.3 


7.1 

17.2 

4.4 


Normal cell lines 








HRE 
HAEC 
MRC5 
Wi38 


4.5 
7.7 
80.8 
40.0 


2.0 
3.2 
33.2 
24.6 


2.0 
3.3 
34.5 
17.1 



In summary, a prostate-cancer selective TMPRSS2 promoter sequence has been 
identified and the tumor-selective oncolytic effect on target tumor cell lines has been verified 

It will be appreciated that the methods and compositions of the instant invention can be 
incorporated in the form of a variety of embodiments, only a few of which are disclosed herein 
It w.11 be apparent to the artisan that other embodiments exist and do not depart from the spirit 
of the invention. Thus, the described embodiments are illustrative and should not be construed 
as restrictive. 
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WHAT IS CLAIMED IS: 

1. An isolated nucleic acid promoter comprising a nucleotide sequence selected from the 
group consisting of: 

(a) the sequence shown in SEQ ID NO: 1 : 

(b) a fragment of the sequence shown in SEQ ID NO.l, wherein said fragment has 
tumor selective promoter activity; 

«=> a nucleotide sequence having at least 90% identity over its entire length to the 
sequence shown in SEQ ID NO.l, wherein said nudeodde sequence has tumor selective 
promoter activity, and 

(* a nucleotide sequence having a full-length complement ma, hybridizes under 
stnngent conditions to me sequence shown in SEQ U> NO:l, wherein said nucleotide 
sequence has tumor selective promoter activity. 

* The isolated nudeic acid promoter according to claim 1, wherein said nucleic acid 
promoter comprises the sequence shown in SEQ ID NO:l . 

3. He isolated nucleic acid ptomoter acconbng to claim 1, wherein said nucleic acid 
promoter comprises a fragmer., of the sequence shown in SEQ ID NO:l, wherein said fragment 
has tumor selective promoter activity. 

4. The isolated nucleic acid promoter accotriing to claim ,, wherein said nucleic acid 
pmmoter compnses a nucleotide sequence having a, ,eas« 90% identity over its erttire lengm to 
*e sequence shown in SEQ ZD NO:l, wherein said nucleotide sequence has tumor selective 
promoter activity. 
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The tsobted nucleic acid promoter acootding ,„ cIaim wherejn ^ ^ 
pmntotor compnses a nudeotide sequence having a fuU-lengm comp.emen, Uta, hybridizes 
under stnngen, condttions to the sequence shown in SEQ ID NO:!, wherein said nucleotide 
sequence has tumor selective promoter activity. 

SEQ J^r 1 *" 1 nUCWC aCC ° rdi " S '° ^ ^ — — ° f 
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7. The isolated nucleic acid promoter according to any one of claims 1-6, wherein said 
promoter is prostate tumor selective. 

8. A chimeric gene comprising the nucleic acid promoter according to any one of claims 1- 
7 operatively linked to the coding sequence of a gene of interest. 

9. A vector comprising the chimeric gene according to claim 8. 

10. The vector according to claim 9, wherein said vector is a viral vector. 

11. Thevector according to claim 9, wherein said vector is an adenoviral vector. 

12. An isolated cell transduced with the vector according to claim 9. 

13. A recombinant viral vector comprising an adenoviral nucleic acid backbone comprising- 
a left ITR, an adenoviral packaging signal, a TMPRSS2 promoter operatively linked to the 
codmg sequence of a gene essential for replication of the recombinant viral vector, and a right 
ITR. ° 

14. The recombinant viral vector according to claim 13, wherein said TMPRSS2 promoter is 
a human TMPRSS2 promoter. 

15. The recombinant viral vector according to claim 13, wherein said TMPRSS2 promoter 
comprises a nucleotide sequence selected from the group consisting of: 

(a) the sequence shown in SEQ ID NO: 1 ; 

(b) a fragment of the sequence shown in SEQ ID NO:l, wherein said fragment has 
prostate tumor selective promoter activity; 

(c) a nucleotide sequence having at least 90% identity over its entire length to the 
sequence shown in SEQ ID NO:l, wherein said nucleotide sequence has prostate tumor 
selective promoter activity; and 
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(d) a nucleotide sequence having a full-length complement that hybridizes under 
stringent conditions to the sequence shown in SEQ ID NO:l, wherein said nucleotide 
sequence has prostate tumor selective promoter activity. 
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16. The recombinant viral vector according to claim 15, wherein said TMPRSS2 promoter 
comprises the sequence shown in SEQ ID NO: 1. 

17. The recombinant viral vector according to claim 15, wherein said TMPRSS2 promoter 
comprises a fragment of the sequence shown in SEQ ID NO:l, wherein said fragment has 
prostate tumor selective promoter activity. 

18. The recombinant viral vector according to claim 15, wherein said TMPRSS2 promoter 
comprises a nucleotide sequence having at least 90% identity over its entire length to the 
sequence shown in SEQ ID NO:l, wherein said nucleotide sequence has prostate tumor selective 
promoter activity. 



19. The recombinant viral vector according to claim 15, wherein said TMPRSS2 promoter 
comprises a nucleotide sequence having a full-length complement that hybridizes under 
stringent conditions to the sequence shown in SEQ ID NO:l, wherein said nucleotide sequence 
has prostate tumor selective promoter activity. 

20. The recombinant viral vector according to claim 13, wherein said TMPRSS2 promoter 
consists essentially of SEQ ID NO:l. 

21. The recombinant viral vector according to claim 13, wherein the coding sequence of a 
gene essential for replication is selected from the group consisting of Ela, Elb, E2a, E2b and E4 
coding sequences. 

22. The recombinant viral vector according to claim 21, wherein the TMPRSS2 promoter is 
operatively linked to one of either the Ela coding sequence or the E4 coding sequence. 

23. The recombinant viral vector according to claim 22, further comprising a tissue-selective 
promoter operatively linked to the other of the Ela coding sequence or the E4 coding sequence. 
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24. The recombinant viral vector according to claim 23, wherein said tissue-selective 
promoter is an hTERT promoter, an E2F-1 promoter, or an osteocalcin promoter. 

25. The recombinant viral vector according to claim 24, wherein said tissue-selective 
promoter is an /iTEflTpronioter comprising SEQ ID NO:2 or SEQ ID NO:3. 

26. The recombinant viral vector according to claim 13, wherein said adenoviral nucleic acid 
backbone is derived from adenovirus serotype 5 (Ad5) or serotype 35 (Ad35). 

27. The recombinant viral vector according to claim 13, wherein said nucleic acid backbone 
further comprises a termination signal sequence upstream of the TMPRSS2 promoter operatively 
linked to the coding sequence of a gene essential for replication of the recombinant viral vector. 

28. The recombinant viral vector according to claim 27, wherein said termination signal 
sequence is the S V40 early polyadenylation signal sequence. 

29. The recombinant viral vector according to claim 27, further comprising a deletion 
upstream of the termination signal sequence. 

30. The recombinant viral vector according to claim 27, further comprising a deletion 
between nucleotides corresponding to nucleotides 103 and 551 of the adenoviral type 5 
backbone. 

31. The recombinant viral vector according to claim 13, wherein the Elb gene of said 
adenoviral nucleic acid backbone has been mutated or deleted. 

32. The recombinant viral vector according to claim 31, wherein said mutation or deletion of 
the Elb gene results in the loss of the active 19kD protein expressed by the wild-type Elb gene. 

33. The recombinant viral vector according to claim 13, wherein the E3 region of said 
adenoviral nucleic acid backbone has been mutated. 

34. The recombinant viral vector according to claim 13, wherein the E3 region of said 
adenoviral nucleic acid backbone has been deleted. 
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35. The recombinant viral vector according to claim 13, further comprising a heterologous 
coding sequence. 

36. The recombinant viral vector according to claim 35, wherein said heterologous coding 
sequence is in the E3 region of said adenoviral nucleic acid backbone. 

37. The recombinant viral vector according to claim 36, wherein said heterologous coding 
sequence is inserted in place of the 19kD or 14.7 kD E3 gene. 

38. The recombinant viral vector according to claim 35, wherein said heterologous coding 
sequence encodes an immunostimulatory protein. 

39. The recombinant viral vector according to claim 38, wherein said immunostimulatory 
protein is a cytokine. 

40. The recombinant viral vector according to claim 39, wherein said cytokine is GM-CSF. 

41. The recombinant viral vector according to claim 35, wherein said heterologous coding 
sequence encodes an anti-angiogenic protein. 

42. The recombinant viral vector according to claim 35, wherein said heterologous coding 
sequence is a suicide gene. 

43. The recombinant viral vector according to claim 13, wherein said recombinant viral 
vector selectively replicates in tumor cells. 

44. The recombinant viral vector according to claim 43, wherein said recombinant viral 
vector selectively replicates in prostate tumor cells. 

45. The recombinant viral vector according to claim 43, wherein tumor-selectivity is at least 
about 3-fold as measured by Ela RNA levels in infected tumor vs. infected non-tumor cells. 

46. A recombinant adenovirus particle comprising the recombinant viral vector according to 
any one of claims 13-45. 
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47. The recombinant adenovirus particle according to claim 46, wherein a capsid protein of 
said adenovirus particle comprises a targeting ligand. 



48. The recombinant adenovirus particle according to claim 47, wherein said capsid protein 
is a fiber protein. 

49. The recombinant adenovirus particle according to claim 48, wherein said targeting ligand 
is in the HI loop of said fiber protein. 

I 

50. A method of selectively killing a neoplastic cell, comprising contacting an effective 
number of recombinant adenovirus particles according to claim 46 with said cell under 
conditions where the recombinant adenovirus particles can transduce said cell. 

51. The method of claim 50, wherein said neoplastic cell is a prostate tumor cell. 

52. A pharmaceutical composition comprising the recombinant adenovirus particle 
according to claim 46 and a pharmaceutically acceptable carrier. 

53. A method of treating a host organism having a neoplastic condition, comprising 
administering a therapeutically effective amount of the pharmaceutical composition according to 
claim 52 to said host organism. 

54. The method of treatment according to claim 53, wherein the host organism is a human. 

55. The method of treatment according to claim 53, wherein the neoplastic condition is 
prostate cancer. 

56. The method of treatment according to claim 53, wherein administering a therapeutically 
effective amount of the pharmaceutical composition to said host organism comprises an 
intratumoral injection of a therapeutically effective dosage of the composition. 

57. The method of treatment according to claim 53, wherein administering a therapeutically 
effective amount of the pharmaceutical composition to said host organism comprises systemic 
administration of a therapeutically effective dosage of the composition. 
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ABSTRACT 

The present invention generally relates to substances and methods useful for the 
treatment of neoplastic disease. More specifically, it relates to cancer selective promoters and 
their use in oncolytic adenoviral vectors. The oncolytic adenoviral vectors are useful in methods 
of gene therapy. The promoters and the oncolytic adenoviral vectors are useful in methods for 
screening for compounds that modulate the expression of the cancer selective genes. 
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SEQUENCE LISTING 



<110> Hallenbeck, Paul 
Hampton, Garret 
Hay, Carl 
Huang, Ying 
Jakubczak, John 

<120> ONCOLYTIC ADENOVIRAL VECTORS 

<130> 4-32418P1 

<160> 7 

<170> Patent In version 3.2 

<210> 1 

<211> 1992 

<212> DNA 

<213> Homo sapiens 



<400> 1 
ggtctttgag 

ggggcatatt 
aggagggagt 
agagcttccc 
tttttctgct 
ggagaaaaca 
ggcatcaaat 
cccacaagaa 
tcacacctgt 
tggagaccag 
ggcgtggtgg 
tgtgccctgg 
gcaacagagt 
agcccgatga 
cttctgggga 
aggttgccgt 
ctcttcctgg 
tacaaaaggg 
ccaaatcatc 
tcctacttgg 
ccccacaatt 
tggctgaggt 
tgggaccatc 
taggcggact 
ccagcagtcc 
aggccaagac 
ccaggactcc 
cagcgctgcg 
gccccagagt 
ccggacttcc 
cccgcgaccc 
cgagagccag 
cggagggcga 
gggtcccggc 



ggtttcccac 
ggggacaatc 
gagagggaag 
aggaagggag 
tccacctcat 
tgcttcccct 
agatgaacag 
tatgagactt 
aatcccagca 
tctgggtaac 
cacacgcctc 
gaggttgaag 
gagacccctt 
ttgaggctta 
gcggtggagg 
gtgaggcaga 
tacagatctg 
cattttctca 
aatgtgccaa 
ggtgatgaat 
gcaaacatta 
gtgtcccacc 
cgggggagcc 
ggggagggtc 
ccaaggccta 
ggggccggcc 
aggagcgctc 
ccgcggaccg 
cccttatggg 
cttgggaaac 
gcttgggggt 

ggcgggccgg 

ggggcgggga 
tc 



tggggcagag 

cctgttgtgg 
ggtttactag 
cagtgagcca 
tttaaagcaa 
ctacccttct 
gagaaaagct 
aaagaacagg 
ctttgggagg 
atagggagac 
tagtcccagc 
ctgccatgag 
ctgggggaaa 
tctgtcactc 
agtgagggga 
taaaagtttc 
ctgactaaca 
gaggtactct 
agaggactat 
tctggtctac 
gaaagaacct 
acttcctcac 
ctttccaccg 

ttgggcgtcc 

ctcctgggtc 
gcctacagga 
cccagaatcc 
gagaggggca 
tccctccgca 
gcctcctccc 
gtcgccctgg 
gccgagtagg 
gcgccgcctg 



cgcagggcag 
gtgccaccag 
gaaagtcctg 
aggcagcctg 
atcatgttga 
agttcgttca 
gttttaatgt 
ccaggtgagt 
ccaaggcagg 
ccccatctct 
tactcgggag 
ccatgattga 
aaaaaacaca 
tgagtgacag 
gcgtgaggag 
ccaggtgata 
aacatttcct 
ggtgtctgca 
gttggggtag 
ggtcctatta 
ctcaagtgcc 
tcccgccctg 
gacgctggtg 
ggcgctgtgt 
cttgcccaga 
gctcgtgagg 
ccttccttaa 
ggttggccgc 
gccggggttg 
gccgcccccg 
accctgggac 
cgcgagctaa 
gagcgcggca 



tgtgggggat 
cagaccacaa 
ccccacagga 
ggatgggact 
tttgtatatt 
gctagtctac 
atgtactcac 
gaggggtcca 
tggatcgctt 
acaaaaaatt 
gctgaggtgg 
gccactgcac 
cgaaaaaaaa 
aaagaaatgg 
aggaggtgtc 
aaagttgtcc 
ttataggtgc 
gttcctcaac 
cagattctgg 
aattctggtg 
cgggaacagc 
gccggtggtg 

ggggccaaga 

ccccgccact 
ggctacagtg 
tagcagctcc 
cccaaactcg 
tgtggccggg 
agccaggcag 
cccccgcccg 
accgcctcct 
gcaggaggcg 
ggtgagcggc 



ggggagggct 
aaggtgccaa 
ggcttccggg 
gaatggggct 
atgcagggga 
aaattaaatt 
agatgggaat 
gtgcgggggc 
gagcccagat 
aaattagctg 
gaggattact 
tccaacctgg 
aaggtgcagc 
gggtttgagg 
tggtgaacgc 
gggaacagct 
aaatttcctt 
ataaccagtt 
tctcctccag 
aattctgagt 
cacgtcttcc 
ccgagagacc 
aatgccagcc 
cgtgcttggg 
ggttccccgg 
gggggctcac 
agccctcggg 
cccgggaagc 
ggaacccgtc 
cccagggtga 
gagattaaag 
gaggcggagg 
gccggtacca 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
1992 



<210> 2 

<211> 397 

<212> DNA 

<213> Homo sapiens 
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<400> 2 

ccctcgctgg cgtccctgca ccctgggagc gcgagcggcg cgcgggcggg gaagcgcggc 60 

ccagaccccc gggtccgccc ggagcagctg cgctgtcggg gccaggccgg gctcccagtg 120 

gattcgcggg cacagacgcc caggaccgcg cttcccacgt ggcggaggga ctggggaccc 180 

gggcacccgt cctgcccctt caccttccag ctccgcctcc tccgcgcgga ccccgccccg 240 

tcccgacccc tcccgggtcc ccggcccagc cccctccggg ccctcccagc ccctcccctt 300 

cctttccgcg gccccgccct ctcctcgcgg cgcgagtttc aggcagcgct gcgtcctgct 360 

gcgcacgtgg gaagccctgg ccccggccac ccccgcg 397 



<210> 3 

<211> 245 

<212> DNA 

<213> Homo sapiens 

<400> 3 cr , 
ccccacgtgg cggagggact ggggacccgg gcacccgtcc tgccccttca ccttccagct 60 
ccgcctcctc cgcgcggacc ccgccccgtc ccgacccctc ccgggtcccc ggcccagccc 120 
cctccgggcc ctcccagccc ctccccttcc tttccgcggc cccgccctct cctcgcggcg 180 
cgagtttcag gcagcgctgc gtcctgctgc gcacgtggga agccctggcc ccggccacco 240 
ccgcg 

<210> 4 

<211> 27 

<212> DNA 

<213> artificial sequence 



<220> 

<223> PCR primer 
<400> 4 

cattgctacc tcagtgctcc tggaaac 

<210> 5 
<211> ' 26 
<212> DNA 

<213> artificial sequence 



<220> 

<223> PCR primer 



<400> 5 

acatctttct cttcttcgcc gccacc 

<210> 6 

<211> 34 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PCR primer 

<400> 6 

catgtcatgc tagcggtctt tgagggtttc ccac 

<210> 7 

<211> 34 

<212> DNA 

<213> artificial sequence 
<220> 
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<223> PCR primer 
<400> 7 

aactttgttt aaacgagccg ggaccctggt accg 34 
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